In order to enhance adsorption capacity of gibbsite (Al(OH) 3 as an adsorbent for the adsorption of phosphate in water, gibbsite was modified through lithium-intercalation. The purification method of Tributh and Lagaly was applied prior to intercalation. The Li-Intercalation was prepared by the dispersion of gibbsite into LiCl solution for 24 hours. This intercalation formed an cationic clay with the structure of [LiAl 2 (OH) 6 ] + and exchangeable Cl -anions in the gibbsite interlayer. A phosphate adsorption test using Lithium-intercalated gibbsite (LIG) resulted in optimum adsorption occurring at pH 4.5 with an adsorption capacity of 11.198 mg phosphate/g LIG which is equivalent with 1.04 wt% LIG. The adsorption capacity decreased with decreasing amounts of H 2 PO 4 -/HPO 4 -species in the solution. This study showed that LIG has potential as an adsorbent for phosphate in an aqueous solution with pH 4.5-9.5.
Introduction
The main cause of eutrophication is the existence of phosphate [1] . Industrial, agricultural, and domestic wastewater is a source of excessive phosphate in water. Exceeding 2 µM of phosphate ion in water could stimulate algal growth (eutrophication), which not only affects water quality but also kills aquatic life [2] . Therefore, excess phosphate in water should be removed using appropriate methods. One of the ways to reduce phosphate concentration in wastewater is by chemical precipitation. Calcium and aluminum ions are usually used as chemical agents to precipitate phosphate ions [3] . This method is only applicable with high phosphate concentration due to the solubility of phosphate salt. Phosphate in waste water can only be discharged in limited amounts, which is 0.5-1.0 mg/L [4] . To obtain a low concentration of phosphate, alternative methods, such as adsorption and ion exchange, could be applied. Various types of materials have been used as adsorbents. Natural material is more desirable as an adsorbent because of its abundance on earth. In addition, natural material is cheaper than synthetic material. Various natural materials have been used as phosphate adsorbents, such as zeolite [5] , clay [6] , fly ash [7] , red mud [8] , and calcined eggshell [9] . The problem with using natural material is impurities [10] . Purification of material has to be done before using the material as an adsorbent. The Tributh and Lagaly method has been used for the purification of natural material. This method has successfully reduced impurities in clay [11] .
In this work, gibbsite was used as the source of natural material. Gibbsite is a mineral with the chemical formula of aluminum hydroxide Al(OH) 3 and is the most common mineral in the soil environment [12] . Gibbsite is a mineral with octahedral layers, as shown in Figure 1 . The layers in gibbsite consist of neutral charge; therefore, the bonds between the layers are van der Waals interaction, which is known to be weak [13] . The gibbsite structure is called dioctahedral because it is only 2/3 filled. Due to its hydroxide ions binding to two aluminums, the center 1/3 is empty. The octahedral holes could be used to insert small cations, such as lithium (Li + , r = 0.6Å). The intercalation of Li + (introduced as the LiCl salt into solution) into the octahedral holes and leaving the Cl -ions in the basal spacing will change the properties of Li-gibbsite, making it anionic clay [14] . Because of these properties, gibbsite has potential as an adsorbent for phosphate.
This study aimed to examine the adsorption behavior of phosphate ions on lithium-intercalated gibbsite prepared from Indonesian natural gibbsite under various pH conditions. The effect of the Tributh and Lagaly purification method that includes the purification of carbonate, iron oxide, and organic material was investigated in the phosphate adsorption behavior.
Materials and Methods
Material. The gibbsite used is from Bintan in Riau, Indonesia. The elemental composition of natural gibbsite is shown in Table 1 . The chunks of gibbsite were crushed using a mortar and then sieved with a 100-µm stainless steel sieve. Then, the material was dried in the oven at 105 ºC and labeled as natural gibbsite (NG) process, 25 g of gibbsite was dispersed in 50 mL of sodium acetate buffer pH 4.9. The mixture was stirred until the CO 2 gas disappeared. For iron oxide purification, gibbsitepurified carbonate was dispersed into 50 mL of citrate buffer pH 8.3. The mixture was added to 4 g of sodium dithionite, stirred for 10 hr and then allowed to stand for three days. The mixture was centrifuged and the gained sediment was then treated by purification of organic material by using 100 mL of 0.1 N sodium acetate and then added to 30 mL of 30% H 2 O 2 . The suspension was stirred for 2 h at 90 °C and allowed to stand at room temperature for three days and then centrifuged. After that, the precipitate was dried at 105 ºC for 2 h. This resulting material was labeled as purified gibbsite (PG) and then characterized by XRD and EDX.
For lithium intercalation, 100 g of PG was dispersed in 100 mL solution of 2 M LiCl. Then, the suspension was Adsorption experiment. Approximately 0.3 g of NG, PG, and LIG were used for each adsorption experiment and dispersed into 25 mL of 100 ppm of phosphate solution in pH 2.5, 4.5, and 9.5. Then the mixture was stirred for 5, 15, 30, 60, 120, 180, 240, 360, and 900 min. Subsequently, the mixture was centrifuged at 6000 rpm for three min and decanted. The phosphate concentration in filtrate was measured by using the molybdenum blue method, and the absorbance was measured by Shimadzu UV-Vis 4250. The effect of concentration was only performed for LIG in the range of the phosphate concentration of 5 ppm to 120 ppm. The adsorption isotherms were performed for 15 min. Figure 1a shows the XRD pattern for natural gibbsite (NG). This XRD pattern shows the characteristic peaks of the mineral gibbsite at 2θ=18.28, 20.28, and 37.7 [15] . Figures 1a and 1b from NG and PG, respectively, show that there is no significant change in XRD pattern before and after purification treatment, which indicates that the structure of gibbsite remains after being purified.
The results of EDX (Figure 2) show that other elements, such as Si, Ba, Fe, and Co, also exist in the gibbsite from Bintan, Riau. It can be seen that the iron content decreased significantly from 12.34 wt% in NG to 4.22 wt% in LIG. This result showed iron purification was successfully carried out. [15] , in the process of intercalation, Li + cations fill the octahedral holes in a layer of Al(OH) 3 and Cl -anions fill the position between the layers of mineral gibbsite.
Intercalation of lithium.
The XRD analysis was applied to the prepared material in this study. Based on the literature, peaks at 2θ=11.56 and 23.2 are the typical peak of the Li + [14] . Effect of adsorption time. The adsorption capacity of the three types of gibbsite, NG, PG, and LIG, were measured at 0-1000 min-adsorption time. The pH of solution chosen was pH 4.5, which is the condition in which the most abundant H 2 PO 4 -is available in the solution [16] . Figure 3a shows the summary of results obtained at pH 4.5. It can be seen that NG adsorbed phosphate rapidly within 250 min and then slowed down, and it almost leveled after 1000 min adsorption. The phosphate uptake by PG is almost twice that of NG, but it reached a plateau shortly after 200 min adsorption. The adsorption uptake by LIG is the highest amongst the three gibbsite materials, almost three times of that by NG, and it kept going up even at 1000 min. The highest amount of phosphate adsorbed was noted when using LIG (7.65 mg/g) compared to 3.725 mg/g and 5.158 mg/g of NG and PG, respectively.
From this result, it is suggested that since the most abundant phosphate species that exists in pH 4.5 is H 2 PO 4 -ion (r = 2.38 Å), it is feasible to exchange the H 2 PO 4 -ion with Cl -ion (r = 1.67 Å) inside the basal spacing of LIG (0.4.8 Å). The speed and the large adsorption capacity showed that the method of purification and intercalation carried great influence on the adsorption capacity of gibbsite. Table 2 shows the comparison of adsorption capacity between LIG and another natural adsorbent. From this data, it shows that the adsorption capacity of LIG is potentially phosphate adsorbent. Effect of initial pH. In order to observe the effect of the pH solution on the phosphate adsorption capacity of gibbsite materials, phosphate removal from aqueous solution in acidic (pH 2.5) and basic (pH 9.5) conditions were also carried out; the results are displayed in Figures 3b and 3c . Figure 3b shows that the overall adsorption capacity for the three gibbsite materials at pH 2.5 is lower than at pH 4.5. The first phosphate uptake by NG and LIG was lower than that by PG. Furthermore, within 120 min, the phosphate adsorption capacity of NG and LIG increased rapidly and then remained constant for the rest of adsorption time. On the other hand, the adsorption capacity of PG was relatively constant throughout the observation period. After 360 min of adsorption time, the adsorption capacity was similar for NG and LIG and slightly lower for PG. This indicates that NG and LIG have more balance anion and cation compositions compared to PG. However, the three gibbsite materials could face structural damage due to the dealumination process at very low pH (2.5).
In terms of the phosphate species at pH 2.5, the H 3 PO 4 species is in equilibrium with the H 2 PO 4 -species [16] . Thus, it is suggested that not all phosphate species can exchange the Cl -ions inside the inter-gallery of gibbsite. This could decrease\phosphate uptake by the gibbsite materials. [16] . The HPO 4 2-anions could be exchanged with two chloride ions inside the LIG gallery, but the presence of other species, such as OH -ions at alkaline pH would compete with phosphate and reduce the adsorption capacity.
Effect of the initial concentration. Effect of the initial concentration was conducted only with LIG. It can be seen from Figure 4 that at pH 4.5 and pH 9.5, the initial concentration of the phosphate solution affected the adsorption capacity, while at pH 2.5, the adsorption capacity only increased slightly when the initial phosphate concentration enlarged. Although the optimum Q value for LIG (5.5 mg/g) at pH 4.5 is higher than that observed at pH 9.5 (4.12 mg/g), the trend is not much different. The optimum Q value was obtained for an initial phosphate concentration of 80 ppm. This result indicates that the best condition for conducting phosphate adsorption is at pH 4.5, but the adsorption is plausible within the pH 4.5-9.5 range. C eq = equilibrium concentration of phosphate (ppm) q e = adsorbed phosphate at equilibrium (mg/g) K F and 1/n = temperature-dependent constant for adsorbate and adsorbent Figure 5 shows the plot for Langmuir isotherm adsorption; it can be seen that only adsorption at pH 2.5 follows the Langmuir isotherm adsorption (R 2 = 0.9205), while adsorption at both pH 4.5 and 9.5 give very poor R 2 . In the Langmuir model, it is assumed that at maximum coverage, there is only a monomolecular layer of phosphate species on the surface. This could be due to a neutral species of H 3 PO4 (the abundant phosphate species at pH 2.5), which is not favorable for exchange with Cl -inside the inter-gallery of Li-gibbsite.
Adsorption of Phosphate Ion in Water with
The plots of Freundlich isotherm adsorption are shown in Figure 6 . It can be seen that although the adsorption at pH 2.5 gives good linearity (in order to obtain linearity, R 2 = 0.9876) the K f is the lowest (K f = 0.1510). In case of adsorption at pH 4.5 and 9.5, when the first two data are excluded, the R 2 are 0.6243 and 0.8563, 
Conclusions
This study shows that the LIG is an effective and low cost adsorbent, which has a large available space for the removal of phosphate from aqueous solutions. Compared with non-intercalated and non-purified gibbsite, lithiumintercalated gibbsite is more effective as a phosphate adsorbent. In addition, the materials can be used in a wide range pH condition, i.e., 4.5-9.5, following the Freundlich isotherm adsorption model.
